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Abstract: To improve the inhibitory selectivity and explore the substitution effect of the Schiff base ligands on
the inhibitory effect of the complex against the PTPs, three Cu(ll) complexes, [Cu(X-pimp),] (X-pimp=2-((4-X-
phenylimino)methyl) phenol), X=Cl, Br, and Acetyl), were prepared and characterized by X-ray, EA, IR, UV-Vis
and ESI-MS. Taking [Cu(Cl-pimp),] complex as an example, the solution species distribution with different pH
values and the main existing form under the pH neutral condition were investigated using both the pH
potentiometric and UV titrations, indicating that the ration of Cl-pimp ligand and Cu(ll) ion in the complex was 2:
1 in an aqueous solution and [Cu(Cl-pimp),H,]|” is the main existing form in the pH neutral condition. Then the
inhibitory activities of these complexes against above-mentioned protein tyrosine phosphatase 1B (PTP1B), T-cell
protein tyrosine phosphatase(TCPTP), Src homology phosphatase 1 (SHP-1), and Src homology phosphates 2 (SHP-2)
was evaluated using ICs, values. The results revealed that these three complexes showed similar inhibitory
behaviours, i.e. potent effect against PTP1B and TCPTP (0.20 pmol - 1.7'<IC5<0.31 pmol - L™, the relatively lower
effect against SHP-1 (2.7 wmol - L"'<1C5<4.7 pmol - L™), while negligible effect against SHP-2 (IC5,>100 pmol - L),
which indicated that the type of substituents on the papa position of phenylimino of the Schiff base ligand did not

influence the inhibitory effect of the complexes against PTPs obviously. However, comparing the current results to
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that of the above-mentioned previous work, we can find that the change in the position of the substituents may
change the selectivity of inhibitory effect of the complexes against PTPs. The interactions between the complexes
and PTPs were studied using [Cu(Cl-pimp),] and PTP1B as the representatives. The kinetics assays showed that the
complex inhibited PTP1B in a non-competitive mode and the inhibition constant was calculated to be 0.35 pmol -
L. The fluorescence titration revealed that the complex bound to PTP1B with the molar ration of 1:1 and the
binding constant of 9.3x10° L.-mol™. We infer that the [Cu(Cl-pimp),] complex may bind firmly to inactive area of
PTP1B and indirectly lead to the structural changes to the active center, which inhibits the activity of PTP1B.

Key words: Schiff base; Cu(ll) complex; protein tyrosine phosphatases; inhibitor; substituent effect
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302.25 (60), 423.33 (35); Caled. [1+5H,0+Na']" for
637.95,[1+2CH;0H+3Na*P* for 219.31, [1+CH;0H+
TH0+2Na* " for 364.50, [1+CH;0H+2Na*]** for
301.45, [1+3CH;0H+10H,0+2Na*J* for 423.57,
Element analysis(%) Caled. for CyHsCLN,OCu: C
59.49,H 3.46,N 5.3;Found :C 59.53,H 3.42,N 5.38,

[Cu(Br-pimp),] (2): #2 0 BER K K |, 7 F N 53%;
UV-Vis (DMSO) A, / nm(e / (107 L +mol™ -ecm ™))
265(3.40),288(2.95),390(1.40);IR (KBr) » / em™:1 609,
1537,1486,1468,1379,1 192;ESI-MS (FW for2:613.79)
m/z (%) ,Found :812.92 (35),218.92 (100),368.92 (30),,
Calced.[2+CH;0H +8H,0+Na*]* for 812.94,[2+H,0 +
Na+2H T for 218.95, [24+2CH,0H+2H,0+Na " +H*]**
for 368.95, Element analysis(%) Calcd. for CyH sBr,
N,0,Cu:C 50.88,H 2.96,N 4.56 ; Found : C 50.78,H 2.92,
N 4.54,

[Cu(Ac-pimp),] (3): 45 (0 KRR K, 7 %R 79% .,
UV-Vis (DMSO) A,../ nm(e / (10 L+mol™-cm™)): 261
(3.02),294(4.47),390(1.81);IR (KBr) v / em™:1 674,
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481.25(20), Caled. [3+4CH;0H+2H,0+Na™+H*]** for
364.13, [3+CH;OH+6H,0+3Na** for 249.72, [3+
5CH;0H+12H,0+2Na*** for 481.22. Element analysis
(%) Caled. for C3HxuN,0,Cu:C 66.72,H 4.48,N 5.19;
Found:C 66.74 ,H 4.51,N 5.27,
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Table 1 Stoichiometry, notation, pK, of the ligand and IgB of complex species in the Cu*/Cl-pimp system

Py D Ty Species pK, or IgB,,
0 1 1 [H(Cl-pimp)] 8.32(7)
0 1 2 [Hy(Cl-pimp)]* 12.22(8)
1 2 3 [Cu(Cl-pimp),H,|* 28.01(9)
1 2 1 [Cu(Cl-pimp),H]* 19.21(4)
1 2 0 [Cu(Cl-pimp),] 13.55(2)
1 2 -1 [Cu(Cl-pimp),H.,] 7.18(2)
1 2 -2 [Cu(Cl-pimp),H,[* -0.81(2)

1 2 -3 [Cu(Cl-pimp),H* -10.02(2)
1 2 -4 [Cu(Cl-pimp),H_]* -19.63(2)




%5 W TR AR A K Ay T A0 5 2 i R R (DT 5 4 400 ) i i 2 T ol e T PR AT 50 919
100 Wit T Job's plot F25, B . Cu®*Hl Cl-pimp 7E MOPS

100

Fraction / %

2 Cu*/Cl-pimp Tk RIEAR] pH 44T (1Y #0431
M2k, Cu® M Cl-pimp HI¥ 435100 0.1 F1 0.2
mmol - 17!
Fig.2 Species distribution as a function of pH for Cu*/
Cl-pimp system, the concentrations of Cu** and

Cl-pimp are 0.1 and 0.2 mmol- L', respectively

S S
%

2
=
2 0.8 g
S £ 016
£ 064 < 0.14
_éx 0.6
2
< 0.4
0.2
0.0

300 400 500 600
Wavelength / nm

Inset: Cl-pimp ligand and Cu(ll) ion form 2:1 complex
¥ 3 #£ MOPS 2% M il (77 10% DMSO)H 25 -1 &
BCAA Cl-pimp I 5 5MEE | Cu>Hl Cl-pimp (13 &
4394 0.8 1 0.02 mmol - L
Fig.3 UV-Vis spectra titrations of Cl-pimp (0.02 mmol -
L) with Cu* (0.8 mmol-L™) used in the study in
DMSO-MOPS solution (1:9) at room temperature

4 pL, il 3 s BEAE BRI 7E 370 nm
A B — 7 R W AT 0 | L% 0 1 iR R B A R T
VA E B 8 02 T R 5 Y AR S B ) T
AT 201 B, WSO ) 5 B L AN AR AR 90 ik o
I 406 A5 3 BC AR R 25 7RI W I A5 A LR 2:
1, S50 245 5 5 o 7 30 i 5 SR — B, AR R A
B YITE pH 2 7.2 WKW 25 By DATC AR TN 25
Z W 21 WIE A,
2.2.3  Job's plot 53 Ht

R Tk DR W ECAR S B G L AR

GE PR (T A 10% DMSO,pH=7.2)H" R ik &R
] 5 - S B Y SR EE S 0.04 mmol - L ANAE IR
i BT B BRI R, DA EL ) R R A A
370 nm &b 1 58 A0 W Wi B2 S A AR AR A B an K] 4
AR AT LA YA BT SRR B L
h00.32 B, WOt 5 JE e K, 2 B C AR 5 4 B T B T
it 2:1,

0.16 1

0.04

0.02 -

0.00

00 02 04 06 08 10
Cor ! CorF Copperpimg)
Kl 4 pH 7.2 %MK Cu*M Cl-pimp 1 Job’s plot
Fig.4 Job's plot for determining the stoichiometry of
Cl-pimp and Cu*

3 P W O3 B O AR B —BUR A5 R
2.3 EEEYWXT PTPs i& ERHISIE AR
231 BLAYAME PTPs TG PEM 1Cs, I 5E

BE A D0 PTPs 16 P 68 77 58 55 A V7 H bR i 2
— P B IR FE (1C0) I RN A3 5 E T A
[ 5250 20 3 ANECA WX 4 Fh PTPs 16 P4 40 i 1
FHEY 1Cs, 18, 85 R 5 T3 2, MMEFR 3 DEEY
X PTP1B F1 TCPTP 33 P At [a] I 5 e 1) il LA
AL B 30 BE 7, 1Cs 129 R 0.20~0.31 pumol - L7,
FW] 3 ABEG W AR e 08 A7 20 T3 79 g 4 T
5 TE Rt BT R | 3 A& ) SHP-1 Al SHP-
2 WG VR B 25515 2 Horh X SHP-1 #0179
ICs, 18 K 29 & PTPIB [ 10 5 (ICs, 244 2.7~4.7

F2 BEEYHH MF PTPs i& %M ICs, E(S.D.)

Table 2 ICs(S.D.) of complexes and Cu* on four

PTPs
pmol - L
Complex PTPIB TCPTP SHP-1 SHP-2
[Cu(Cl-pimp),] 0.24(2) 0.23(4) 3.909) >100
[Cu(Br-pimp)]  0.25@) 0203) 274 >100
[Cu(Ac-pimp)]  0.28(5) 0318) 4703 5100
[Cu(cpmp)™ 046(3) 0.17(1)  021(5)  >100
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